Based on the engineering backgrounds of the damaged bridge, a bridge-onbridge method is proposed to reinforce the damaged bridge in this paper. To carry the temporary overload vehicle, the structural type and support of the Prefabricated Highway Steel Bridge is designed. Then, the three-dimension numerical model is built and the numerical simulations are conducted to investigate the feasibility of the design. 
INTRODUCTION
As the important nodes of road traffic networks, the bridges have important role and status in the national economy and the military traffic system. Some bridges built in the last century have damaged with different degrees because of lower design loads, overload and so on. There are about 93,500 damaged bridges until 2010 in China [1] . The reinforcement and repair of damaged bridge has become an important research field in the civil engineering. The bridge-on-bridge method which is to build a temporary bridge on the damaged bridge, has been widely used in the bridge reinforcement. For example, Tu Yiqiang et al. [2] studied the bridge 1 Depeng Bi, Zhisheng Wu, Rongchang Liu, Bo Yan, College of Basic Education, National University of Defense Technology, 410073, Changsha, P.R. China. reinforcement method when the bearing capacity of the bridge was insufficient under large loads. Li Qinglin et al. [3] set up an temporary steel bridge on the damaged bridge to improve the bearing capacity by controlling the deflection of the steel bridge. In the bridge-on-bridge method proposed by Meng et al [4] , the steel Ibeams is set up on the damaged bridge, but this method is only applicable to bridges with small span. Xing Wenbang et al [5] proposed the reinforcement method of setting an temporary steel bridge on the damaged bridge. In the bridge-on-bridge method proposed by Li Firan et al [6] , an ultra-wide temporary steel bridge is built on the damaged bridge to carry the overweight vehicles.
Based on the engineering background, the bridge-on-bridge method is proposed to reinforce a damaged bridge in this paper. Firstly, the structural type and support of the Prefabricated Highway Steel Bridge are designed. Then, the numerical simulations are conducted to investigate the feasibility of the design using ANSYS software.
ENGINEERING BACKGROUND
A Type-321 Prefabricated Highway Steel Bridge is to set up on a damaged bridge to improve the bridge bearing capacity and carry the temporary overload vehicle. The overload vehicle consists of a tractor and the trailer carrying a transformer. The loads and axles of the overload vehicle are shown in Figure 1 . The tractor has the weight of 9,125kg with three axles, and its width is 2.5m. The Trailer has the weight of about 165,915kg including the transformer, with 9 axles spacing 1.55m, and the length is 17.3m, and the width is 3m. The damaged bridge was built in 1964, which belongs to the fourth-class dangerous bridge [7] . The damaged bridge is a simple-support RC bridge with three-spans, and the length of each span is 12m. The width of the damaged bridge is 10 m, and the clearance under the damaged bridge is about 20 m. The RC gravity piers of the damaged bridge have enough carrying capacity. 
REINFORCEMENT DESIGN
The design diagram is illustrated in figure. 2 and figure.3. A Type-321 Prefabricated Highway Steel Bridge is set up on the damaged bridge. The steel bridge is continuous over three spans, and the calculation lengths are 13.5m+ 12m+13.5m correspondingly. There are two square-timber supports in the middle which are set up on the top of the piers. The deck width of the Steel Bridge is 4.2 m. The Steel Bridge is consist of 13 standard truss sections. A standard truss section is assembled with 6 trusses in transverse directions with each side 3 trusses, and single truss in vertical direction. Figure 4 shows the section of I-I of figure 3. It can be seen that the cross member is set on the chord member in the bottom of the truss, and the deck is put on the cross member. It can be also found that there is a square-timber bearing between each side of truss and original beams with the dimension of 10mm 400mm 1000mm. The width between two rows trusses inward is 4.2 m, and the width from inward row to middle row of each side is 0.45 m, and the width between middle and external rows is 0.25 m. 
FEASIBILITY ANALYSIS Finite Element Model
Finite element method is applied to investigated the feasibility of the design with ANSYS software in this section. The finite element model of the steel bridge is illustrated in figure 5 , and the zoom of the partial model is shown in figure 6 . There are two kinds of element in the model, one is the Beam188 element to model the steel components, another is the Combin14 element to model the square-timber supports. The element's characteristic length is 0.1 m, and the total number of elements is 23674. 
Material Model
There are two materials in simulations, one is the steel of the steel bridge and the another is the wood of the square-timber supports. The wood is simulated with the *MAT_ELASTIC in ANSYS. The input parameters of the material model are the mass density, Young's modulus, Poisson's ratio. The steel is simulated with the *MAT_PLASTIC_KINEMATIC. The material parameters of the model are the mass density, Young's modulus, Poisson's ratio, yield stress, and tangent modulus. The strain rate effect was taken into account according to Cowper-Symonds model. The main material parameters used in this paper are listed in Table 1 . 
Simulation Conditions
There are 43 simulation conditions according to the position of truck axles in the span of the steel bridge. As illustrated in figure 7 , the q0(24kN/m) represents the weight per miter of the steel bridge along the length, the fi(i=1-10)represent axis pressure load of the overload vehicle. The 1st simulation condition is defined while all of the truck axles just step on the bridge. Then, the next simulation condition is defined when all of the axles go forward 0.5m. Because the length between f1 and f10 is 17.5m, and the length of the steel bridge is 39m, so there are 43 simulation conditions. Moreover, the lateral eccentricity of axis pressure load is taken into account, all the axis pressure loads are deviated 0.35m from the horizontal center in each simulation condition. The tractor has 3 axles, and each axle has two group tires, so f1, f2, f3are applied at two nodes, every node force is 30.4kN. The trailer has 7 axles, and each axle has 4 group tires, so f4-f10are applied at 4 nodes, every node force is58.9kN. 
Simulation Results And Analysis
The analysis under 43 simulation conditions are carried out by ANSYS software. It finds out that the max force in the chord members of the steel bridge appears in the 8th simulation condition. The simulation results are shown in figure 8 . It can be seen that the max compressive force in the chord members is 377.07kN, and that the max tension force in the chord members is 289.97kN. The allowable force of the chord member is 563kN, which is bigger than 377.07kN. Therefore, the chord members of the steel bridge can be safe under the worst load case.
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13.5m 12.0m It also finds out that the max force in the diagonal members of the steel bridge appears in the 16 th simulation condition, as illustrated in figure 9 . It can be seen that the max compressive force in the diagonal members is 175.63kN, and that the max tension force is139.43kN. The allowable force of the diagonal member is 171.5kN which is smaller than the max pressure within 5%, the diagonal members of the steel bridge can be safe under the worst load case.
The bending moment distribution of the cross members in the steel bridge is illustrated in figure 10 under the 8th simulation condition. It can be found that the max bending moment is 115.13kN·m. The bending modulus of section of the cross member is 485 cm3, therefore, the bending stress is 237.4 MPa which is smaller than the allowable bending stress 297 MPa. Thus, cross members in the truss bridge also satisfy carrying capacity. The overall stability theoretical condition of an open truss bridge [8] is 2 ⁄ . Among the formula, Pis the max pressure of the chord members in the truss bridge, Pcris the critical pressure of the chord members maintaining overall stability, E is the elastic modulus of steel, Iy is the inertia moment of the half truss bridge around y-axis, a is the length of two adjoining truss joint, and k is the elastic constant of the half truss bridge. As to the temporary steel bridge in the scheme, 2.1 10 ， =8.27 10 m ， 3m， 2.2 10 ,therefore, 714 .That is, the critical pressure of the chord members maintaining overall stability is 714 kN. It can be found that the critical force is bigger than the max compressive force(377.07kN) in the chord members.
CONCLUSIONS
Based on the engineering background of strengthen damaged bridge, a bridgeon-bridge method is proposed in this paper.
(1)The structural type and support are designed using the Type-321 Prefabricated Highway Steel Bridge members.
(2)The numerical simulations are conducted to investigate the feasibility of the design, all the structural members are safe under the worst load case.
(
3) The theoretical analysis shows that the steel bridge can maintain overall stability.
Therefore, the bridge-on-bridge strengthen design with Type-321 Prefabricated Highway Steel Bridge members in this paper is feasible, and is suitable for rapid repair of damaged bridges.
